Aims: To improve detection of neuroblastoma metastases in the bone marrow: morphological evaluation of bone marrow is a routine and important com-
ponent of the clinical staging of neuroblastoma and it depends on the successful identification of tumour cells which may only be present at extremely low levels. Methods: Bone marrow mononuclear cells from patients with neuroblastoma were incubated in a simple suspension culture and examined regularly using an inverted objective microscope. In some cases cytospins of the cultured cells were examined further using morphological and immunocytological techniques. Results We applied a short-term tissue culture technique to a small series of bone marrow aspirate samples from children with neuroblastoma. The findings from bone marrow cultures were compared to those from histological and immunofluorescence studies performed on the same marrow samples. Methods Bone marrow samples from seven patients were studied. Five were newly diagnosed patients and three of these were further studied after their first course of treatment.
Bone marrow trephine biopsy samples were processed for routine histopathological examination and in some cases the biopsy samples were immunostained using a monoclonal antibody to neurone specific enolase (Dako Ltd). Bone marrow aspirates were Detection of bone marrow metastases in neuroblastoma EPICS). The other bone marrow aspirate sample was used for tissue culture. The bone marrow mononuclear cell fraction was isolated by density centrifugation on Ficoll-Hypaque (Lymphoprep, Nyegaard, UK), washed once, and resuspended at a concentration of 0 5-1 x 106 cells/ml in McCoy's 5A tissue culture medium supplemented with 15% heat inactivated fetal bovine serum (Gibco BRL). Aliquots of the cell suspension (5 ml) were incubated in 25 cm2 tissue culture flasks (Costar Ltd) in 5% CO2 in air at 37°C. Cultures were examined at initiation and at regular intervals up to 14 days of culture using an inverted objective microscope (Olympus) for formation of clumps of neuroblasts. These cells were initially seen as non-adherent spheroids of cells but later settled on the bone marrow stromal layer forming on the flask floor. In some cases these neuroblast spheroids put out characteristic processes or neurites. In order to confirm that these cells were neuroblasts, samples from the flasks were cytospun onto slides and immunostaining performed. A 
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Figure 2 Cytospin of neuroblastoma cells from a culture at day stained with Giemsa.
Results
The detection of marrow infiltration by neuroblastoma using three different techniques, trephine biopsy, immunofluorescence, and tissue culture is shown in the table. Of the five newly diagnosed patients studied (patients 1-5) three showed no marrow infiltration with either the trephine or immunofluorescence techniques (patients 1-3), as did one of these patients after treatment (patient 4). No trephine biopsy was performed on patients 1 and 3 at diagnosis as they were both less than six weeks old and patient 3 was staged as 4S, the native marrow smears were not diagnostic of neuroblastoma. After a short period in tissue culture clumps of neuroblasts could be detected in the marrows of patients 1-3 using the inverted microscope. These spheroids appeared to be derived from single dispersed neuroblasts as no clumps were seen in the newly initiated cultures. The time to formation of noticeable spheroids of neuroblasts in these three patients was from three to eight days and the clumps continued to increase in size for several days after their initial appearance. The presence of neuroblasts was confirmed by morphological examination and/or immunostaining of cytospins made from the cultured bone marrow cells. Dividing cells of other lineages were not found to form spheroids in these cultures. Figure 1 shows neuroblastoma cells growing in a bone marrow culture after 14 days and the production ofthe characteristic processes or neurites. Figure 2 shows cells from a culture at day 5 which have been cytospun and stained with Giemsa. Clumps of cells morphologically resembling neuroblasts can be seen clearly. Adams, Kelsey, Carr, Stevens, Morris-Jones 
